Vicia sativa and Trifolium resupinatum are indigenous in the Mediterranean area and Asia (Mansfeld 1986) . Both legumes are annual under Central European conditions (Uehling 1973) and are cultivated in a pure stand or in a mixture (Mansfeld 1986) . Li�le information about the forage quality of V. sativa grown under European conditions (e.g. Wivstad et al. 1990 ) is available in contrast to the well-documented forage value of T. resupinatum (Puffe et al. 1984 , Nonn 1988 /1989. The voluntary intake of both, T. resupinatum (Ziegenbein 1965) and V. sativa, is high. Thomson et al. (1990) found a higher voluntary intake of V. sativa compared with other legumes such as Lathyrus sativus and Pisum sativum with a comparable digestibility. Compared with T. resupinatum the seed costs of V. sativa are nearly twice as high, but growing V. sativa in a mixture with grass or another supporting crop reduces the costs considerably. L. multiflorum gaudinii is apparently a suitable companion to the legumes. Its growth and quality aspects in pure stands are well documented (Herrmann 1999) . The aim of this experiment was to analyse the performance of V. sativa in relation to dry ma�er yield and forage quality when compared with T. resupinatum and L. multiflorum gaudinii grown under Central European conditions as catch crops either in pure stand or in mixture at early and late sowing and harvest dates.
Vicia sativa and Trifolium resupinatum are indigenous in the Mediterranean area and Asia (Mansfeld 1986) . Both legumes are annual under Central European conditions (Uehling 1973) and are cultivated in a pure stand or in a mixture (Mansfeld 1986) . Li�le information about the forage quality of V. sativa grown under European conditions (e.g. Wivstad et al. 1990 ) is available in contrast to the well-documented forage value of T. resupinatum (Puffe et al. 1984 , Nonn 1988 /1989 . The voluntary intake of both, T. resupinatum (Ziegenbein 1965) and V. sativa, is high. Thomson et al. (1990) found a higher voluntary intake of V. sativa compared with other legumes such as Lathyrus sativus and Pisum sativum with a comparable digestibility. Compared with T. resupinatum the seed costs of V. sativa are nearly twice as high, but growing V. sativa in a mixture with grass or another supporting crop reduces the costs considerably. L. multiflorum gaudinii is apparently a suitable companion to the legumes. Its growth and quality aspects in pure stands are well documented (Herrmann 1999) . The aim of this experiment was to analyse the performance of V. sativa in relation to dry ma�er yield and forage quality when compared with T. resupinatum and L. multiflorum gaudinii grown under Central European conditions as catch crops either in pure stand or in mixture at early and late sowing and harvest dates.
MATERIAL AND METHODS
In order to determine the development of important quality aspects of V. sativa and T. resupinatum grown as catch crops in pure stand and in mixture with L. multiflorum gaudinii, a two year field experiment designed as a split plot with four replications (Table 1) was carried out near Giessen, Central Germany, 160 m above see level. The soil is a Pseudogley with a pH-value of 6.0. The meteorological data of July to March in both years of the study are shown in Figure 1 . The weather station at Giessen gives mean annual rainfall and temperature values of 609 mm and 9.0°C. The summer and autumn of year 1 were warm and dry in contrast to spring and summer 
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of year 2 that were relatively moist and cool. The catch crops were sowed in drills, in mixtures with alternating rows of grass and legume. Therefore, the available space for both mixture components in the initial phase was 50% of the total plot area. So it was easier to assess potential inter-specific competitive or synergistic effects. The fertiliser applied to L. multiflorum in pure stand with 50 kg N/ha was applied one to two days a�er drilling. The plots were harvested by hand in a time series at a cutting height of 4 cm; the mixture components were cut separately to determine the yield proportions. The harvest dates and growth stages of the plants are shown in Table 2 .
To assess forage quality, the plants were dried at 60°C for 48 hours and ground afterwards. Crude protein content by Kjeldahl and acid detergent fibre (ADF) was determined (Anonymous 1997 ). Net energy for lactation was estimated using the Hohenheim Gas Test (Steingass and Menke 1986) , which is an in vitro fermentation method with rumen liquor. It takes the gaseous formation, crude protein, and crude fat content into account (Menke and Steingass 1987) .
Every harvest was separately analysed by analysis of variance, otherwise mean values and variances would interact. The F-test (P ≤ 0.05 and P ≤ 0.01) was utilised. For comparison of the mean value the LSD-test was used (P ≤ 0.05).
RESULTS
The yield proportions of the mixture components are shown in Figure 2 . Table 3 shows the dry matter yield of the catch crops in both years. In the first year T. resupinatum when compared with V. sativa had a higher dry matter yield at early sowing and a lower dry matter yield at late sowing which caused a significant interaction between catch crop and sowing date (P ≤ 0.01). In the second year there was no difference between the legumes at early sowing in contrast to late sowing resulting in a significant interaction catch crop × sowing date (P ≤ 0.05). The sowing date was the main source of variation.
The dynamics of the NEL is shown in Table 4 . The significant interaction between catch crops and sowing date (P ≤ 0.01) in the first year was caused by a higher NEL of L. multiflorum N 0 compared with L. multiflorum N 1 at early sowing and lower at late sowing. The greater differences between the legumes at early sowing compared with the late sowing caused a significant interaction between catch crop and sowing date (P ≤ 0.01) in the second year. The sowing date factor was significant (P ≤ 0.01) and had the greatest share of variance. In both years T. resupinatum had mostly a higher NEL than V. sativa. Table 5 shows the development of the crude protein content of the pure stands and mixtures. Greater differences between the legumes at early sowing compared with late sowing resulted in a significant interaction between catch crop and sowing date (P ≤ 0.01) in both years. The crude protein content of V. sativa was mostly significant higher than these of T. resupinatum. The factor of the sowing date was significant (P ≤ 0.01) and had the greatest contribution to the variance. The crude protein content of the legumes remained relatively constant in contrast to the declining crude protein content of the grass.
DISCUSSION
As expected the dry matter yield of the catch crops was influenced by the sowing date. The growth promoting effect of long-day conditions in July and August for early sowed swards was evident, but the dry matter yield of early sowed V. sativa and T. resupinatum decreased from the beginning of October in year 1. This was due to the beginning decomposition in ground level, caused by the missing or insufficient pillar func- tion of L. multiflorum. However, the yield of late sowed legumes and the mixtures increased steadily until end of October/early November. V. sativa had a better yield potential and stability at cool temperatures than T. resupinatum that could be seen in the higher dry matter yield of V. sativa at late sowing in both years and at early sowing in the second year (Table 3) . Wivstad et al. (1990) also reported a higher dry matter yield of V. sativa compared with T. resupinatum. V. sativa yielded more at low, than at high temperatures and low rainfall; however, it is not adapted to temperatures below 3-4°C in the long-term (Thomson et al. 1990 ). The yields of mixtures and pure stands of V. sativa are mostly even similar or superior when compared with L. multiflorum, even when the grass was fertilised with 50 kg N/ha. And caused by different weather conditions in year 1 and year 2, the growth of L. multiflorum and T. resupinatum under short day conditions (= late sowing date) was varied considerably, whereas the yield of V. sativa was similar in both years. This was of practical importance in year 2, when low growth rates of the late sowed grass, which was evident in pure stands and in the mixture, were compensated by growth of V. sativa, which had constantly quite high growth rates even in October. The NEL of herbage of early sowed V. sativa and L. multiflorum decreases with increasing maturity, especially in year 1. T. resupinatum had mostly significantly higher and more steady energy concentrations. Pure stands of this legume enable to feed on fresh forage with > 6 MJ NEL until end of September/early October. Because of the high proportion of grass in the yield and its much lower NEL compared with the clover, T. resupinatum in the clover mixture had mostly a lower NEL. Early sowed V. sativa is clearly inferior to T. resupinatum because of a significantly higher ADF content (data not shown), but the relevance of this advantage decreases with a delayed sowing date, due to an early growth stage and the low fibre contents of both legumes. In mixtures with L. multiflorum the energy concentration of both legumes is nearly identical, when sowed in August. During October, late sowed mixtures with V. sativa always have energy concentrations between 5.7 and 6.0 MJ NEL. At late sowing the energy value of T. resupinatum and L. multiflorum rarely differ significantly.
In the course of the development the catch crops had a lower crude protein content in the first than in the second year (Table 5) . Apparently because polymerisation of higher carbohydrates was reduced by the cool and moist autumn of the second year, thus the crude protein concentration increased. The crude protein content of L. multiflorum decreased during growth as the stem has a lower crude protein content than the leaf and the structural carbohydrates are stored firstly in the stem base and not in the leaf (Puffe et al. 1984) . The stem to leaf ratio decreased during growth. However, the crude protein content of the legumes decreased little during growth. Similarly in investigations by Wivstad et al. (1990) V. sativa was mostly superior to T. resupinatum.
